Oil Transport along the Northern Coastline
of the Gulf of Mexico

Joel “Casey” Dietrich, Clint Dawson

Institute for Computational Engineering and Sciences
University of Texas at Austin

Lakeway Men’s Breakfast Club

Lakeway, Texas
07 December 2011

JC Dietrich, et al. (2011). “Surface Trajectories of Qil Transport along the Northern Coastline of the Gulf of Mexico.”
Continental Shelf Research, in review.



Who Are We?

JC Dietrich, CJ Trahan, CN Dawson

Institute for Computational

Engineering and Sciences, 4

University of Texas at Austin
MT Howard, G Wells

Center for Space Research,

University of Texas at Austin
JG Fleming

Seahorse Coastal Consulting,
Morehead City, North Carolina

RJ Weaver, RA Luettich Jr
Institute of Marine Sciences,
Univ. of North Carolina at Chapel Hill

S Tanaka, JJ Westerink

Dept. of Civil Engineering and
Geological Sciences,

University of Notre Dame

ter Science,
1a at Charlotte

‘ \ :
B

)
1

kt
1puting Center,
\‘;1) ";,

.,-aﬂ;‘f n

) tf';*
T

~

| of Civ neering and
/ '!E‘.vi'l o I Science,
o AP T
University of Oklahoma
C Kaiser

Dept. of Oceanography and Coastal
Sciences, Louisiana State University

RR Twilley
Vice President for Research,
University of Louisiana at Lafayette



Hurricane Waves and Storm Surge
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Model : Bathymetry and Topography
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Model : Mesh Sizes
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Katrina : Water Levels : Day of Landfall

Computational Hydraulics Laboratory

UNIVERSITY OF
NOTRE DAME

©




Applications : Surge Barrier Design : USACE




Applications : Surge Barrier Design : USACE




Applications : Surge Barrier Design : USACE
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Applications : Hurricane Forecasting
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Applications : Hurricane Forecasting
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Applications : Nearshore Oil Transport : NSF / DHS

Deepwater Horizon was a 9-year-old,
mobile offshore drilling unit

Located 66km from the Louisiana coastline,
in 1500m of water

Platform was engulfed on 20 April by an
explosion of methane gas; structure
burned for more than 24hr before
sinking on 22 April

Explosion killed 11 workers and injured 17

Oil spill flow rates:

- Estimated to have begun at a rate
of 9900 m3 d*

- Diminished over time to a final rate
of 8400 m3d~! on 15 July 2010

Emergency responders relied on satellite
and aerial imagery




Nearshore Oil Transport : Motivation

Satellite imagery can only show current location of the slick

- Where will the oil move?
- What happens if a hurricane approaches?
Forecasts need to be accurate and fast
- Share computed circulation with NOAA,
other spill modelers
- Share oil transport with emergency managers
in real time ( http://adcirc.org/oilspill )
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Nearshore Oil Transport : Motivation
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Nearshore Oil Transport : Challenges
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Nearshore Oil Transport : Challenges
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Nearshore Oil Transport : Challenges

SPREADING

OIL PARTICLES

rise fo the water's
surface and spread




Nearshore Oil Transport : Lagrangian Particles

Ceastal Circulaticn and Transpert Laborator‘y{
Institute of Marine Sciences
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Nearshore Oil Transport : Flow Chart

( )
WINDS

Provided by NCEP ( http://www.ncep.noaa.gov/ )
from WRF-NMM ( http://nomads.ncdc.noaa.gov/ ),
\ downloaded and converted to our format. y

|

( )
CURRENTS

Waves from SWAN ( http://swanmodel.sourceforge.net/ )
and circulation from ADCIRC ( http://www.adcirc.org/ ),
\ with currents provided hourly to the tracking model. y

INITIAL CONDITIONS

NESDIS ( http://www.nesdis.noaa.gov/ )
provided slick extents, which were
kdigit‘ized and provided to the tracking modeI.J

V3

( )
OIL TRANSPORT

Lagrangian tracking of conservative particles,
with advection forced by winds and currents
\ and dispersion via stochastic perturbations. y

!

EMERGENCY MANAGERS

Animations posted online ( http://adcirc.org/oilspill/ ).




Validation : Mid-June
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Validation : Mid-June
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| Image boundary I Near shore within 6 km of shoreline

Above deep water more than 100 m deep



06/13 14 15 16 17 18 19 20 21 22 23

T — 2010 /06 /13 /1548 UTC




06/13 14 15 16 17 18 19 20 21 22 23

T—" 2010/06/14 /1151 UTC (+20hr/+0.8d)

4




06/13 14 15 16 17 18 19 20 21 22 23

L 2010/06/15/1151UTC (+44hr/+1.8d)




06/13 14 15 16 17 18 19 20 21 22 23
o
2010/06/16 /0140 UTC (+58 hr/+2.4d)




30°

06/13

28"

14

15

16 17 18 19 20 21 22 23
@
2010/06/16 /1555 UTC (+72hr/+3.0d)
a < L > v
4a v 4 e rV - 4 ﬁ* ~>
4 éé-,z, ﬁ |
:‘3{\ t\.n ke
R
< v \\\>\\‘ t\ R A N
N -]
\:, R, iy - ' 7 o
A h u N
R N
N 7
1 » , > N




14 15 16 17 18 19 20 21 22 23

06/13

2010/06 /17 /1150 UTC (+92hr/+3.8d)

\/4

-86°

-88°

,..\.\‘J.\
e,
<4 4 4 Ko w
)
7
r .
iy .\\‘
a 4 x w -
a4 A 3 * -
A < * <+ <+
v < <+~ 4 &

30°
28



06/13 14 15 16 17 18 19 20 21 22 23
@
2010/06/18 /1109 UTC (+115hr/+4.8d)




06/13

30°

28"

14

15

16 17 18 19 20 21 22
@
2010/06/18 /1637 UTC (+121hr/+5.0d)

v A
v "
v ]
\ ¥
v x N NSRS > >

23




06/13

30°

28"

14

15

16 17 18 19 20 21 22
@
2010/06/19/0341UTC (+132hr/+5.5d)

4 <
« v
7 >
e
RN
S
-«“ °

23




06/13 14 15 16 17 18 19 20 21 22 23
@

2010/06/19/1730 UTC (+148hr/+6.2d)

.|
N 4 ) x \ \
. Ne o,
1 [\ < A “ "\ ."\'K," ey // ”’ *

3 : K y r" P
30° ! . hy g “,‘ s f#’
¢ r - r J
)Jf
g _/’

= & .
{ z,. Ny
P My
v > > e 3 S -
o
>
R
N

.\\;




06/13 14 15 16 17 18 19 20 21 22 23
o
2010/06/19/2330UTC (+152hr/+6.3d)

4 > v v < ¥
< 4 1 4 > ',/// — —>
30°
727
7 X 1 ) 7 5 / / R = N —r
ba X « 4 1 A $ | 4 s N
S\ N A
1 x b v v PN = 3‘ ; >
X
3 A 7 A ". \“\: - ~A> >
28e N ..“
® | & v ¥ A4




30°

06/13 14 15 16 17 18 19 20 21 22 23

@
2010/06/20/1150 UTC (+164 hr/+6.8d)

o’ L . L £
A\ 4 v v < v v - e *W .
T r.' ' L F
_.':.'.; j .

;? '\ 2’/ 0
e -

v v v <« P v/

A P, ~ Q'\I .‘..
)~ - g .4{’// Ras, % el g ¢
: w‘,/"»:"/‘ﬁ; S N NN .
i o AR A WS =%
¥ v v Ly . N :




06/13 14 15 16 17 18 19 20 21 22 23
@
2010/06/21 /1613 UTC (+192hr/+8.0d)

'’ ;. -
f./ ,/ 

B, 4 -‘
R,
S

L2557,




06/13

30°

28"

14

15

16 17 18 19 20 21 22
@

2010/06/22 /0348 UTC (+204 hr/+8.5d)

/,//(//%/ pl& #&1 “{ T

t’v.. "‘4 t’"’h\"* x\‘ L

3 %«:f/f

K K :.?,\‘
,
S ‘s{. >
x X N
""‘Q\‘VJ
2N

23




Validation : Mid-June : Computed Overlap
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DATE IN 2010

Overlap of our predictions to observations:
- Solid blue - Total areas of observed oil in satellite imagery
- Soliid red - Total areas of predicted locations of Lagrangian particles
- Dasihed red - Overlap between predictions and observations
After one week of simulation, overlap is about 60 percent
- Good qualitative and quantitative match to observations



Validation : Hurricane Alex (2010)

NOAA GOES 13 100629 1732 UTC
Made initial landfall in Belize s

e 4
and tracked over Yucatan [&
Peninsula

Strengthened in southern
Gulf of Mexico to
Category 2 storm before
making landfall in Mexico

Available overhead imagery
was spotty in Gulf



Validation : Hurricane Alex (2010)
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Validation : Hurricane Alex (2010) : Computed Overlap
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Overlap of our predictions to observations:
- Solid blue - Total areas of observed oil in satellite imagery
- Soliid red - Total areas of predicted locations of Lagrangian particles
- Dasihed red - Overlap between predictions and observations
After five days of simulation, overlap is about 30 percent
- Errors caused partly by spotty coverage in satellite imagery

NORMALIZED SURFACE AREA



Conclusions

Automated system runs successfully in real-time
Good match to overall movement of oil spill
- Small-scale features are modeled successfully
Validation is highly sensitive to quality of overhead imagery
Oil would have been influenced heavily by a hurricane in the region

- Movement into marshes of southern Louisiana

- Movement along the coastline toward Texas




